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@ Lift generating apparatus, an aircraft employing the lift generating apparatus, and a lift generating method. 



@ A lift generating apparatus for an aircraft comprises a 
generally circular principal wing with its peripheral portion bent 
downward, forming a bowl-shaped space opening downward; a 
high-pressure gas producing device provided on the principal 
wing; jet nozzles provided within the central portion of the 
bowl-shaped space in a circular arrangement at angular 
Intervals to jet a high-pressure gas produced by the high-press- 
ure gas producing device radially outward from the central 
portion of the bowl-shaped space; and suction openings for 
sucking the external air as a secondary fluid from outside the 
bowl-shaped space by suction generated by the ejector effect 
of the high-pressure gas jetted from the Jet nozzles. The supply 
of the secondary fluid into the bowl-shaped space in addition to 
the high-pressure gas further increases the static pressure 
within the bowl-shaped space, so that the lift acting on the 
principal wing is enhanced. The high-pressure gas jetting rate 
of each jet nozzle is regulated to produce a horizontal thrust for 
horizontal flight. 
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Description 

LIFT GENERATING APPARATUS, AN AIRCRAFT EMPLOYING THE LIFT GENERATING APPARATUS, AND A LIFT 

GENERATING METHOD 



The present invention relates to a lift generating 
apparatus for travel in the air, an aircraft employing 5 
the lift generating apparatus, and a lift generating 
method. 

A conventional lift generating apparatus for gener- 
ating an upward thrust for aerial movement, particu- 
larly, for vertical aerial movement, usually employs w 
rotors such as are employed in a helicopter. 
Conventia! lift generating apparatus which employs 
rotors, however, has disadvantages; the rotation of 
the rotors creates dangers, the rotors generate a lot 
of noise and the rotors are easily damaged by 15 
obstacles even if the rotors collide only lightly 
against the obstacles. 

Japanese Patent Laid-open (Kokai) No. 61-268597 
discloses a lift generating apparatus which gener- 
ates a negative pressure on the upper surface of a 20 
circular wing to generate a lift by taking in air from 
the front of the circular wing by a turbofan to 
produce high-pressure air, guiding the high-press- 
ure air through an L-shaped duct to the central 
portion of the upper surface of the circular wing, and 25 
jetting the high-pressure air radially from the central 
portion of the upper surface of the circular wing 
toward the periphery of the same. 

This known lift generating apparatus, however, 
has disadvantages in that the high-pressure air 30 
jetted in high-speed airflows over the upper surface 
of the circular wing is dispersed in the atmosphere 
immediately after being jetted and become low- 
speed airflows, it Is difficult to generate a sufficient 
negative pressure and hence It is difficult to 35 
generated a large lift, since the turbofan is unable to 
jet a sufficient amount of air. 

We will describe a lift generating apparatus 
capable of generating a large lift by the pressure 
difference between a pressure generating on the 40 
upper surface of a wing by an airflow and a pressure 
generated on the lower surface of the wing, an 
aircraft employing the lift generating apparatus, and 
a lift generating method. 

In one aspect of the present invention, a lift 45 
generating apparatus comprises a circular principal 
wing having a peripheral portion bent downward so 
as to form a bowl-shaped space opening downward, 
a high-pressure gas producing unit provided on the 
principal wing, jet nozzles disposed below the 50 
principal wing so as to jet the high-pressure gas in 
high-speed gasflows (which may be composed of 
two kinds of gasf low, one a fan exhaust gasflow, the 
other is engine exhaust gasflow, and these gasflows 
v/ill be called FG and EG hereafter for simplicity) 55 
from the central position of the lower surface of the 
principal wing toward the periphery of the same, and 
suction nozzles for sucking a secondary fluid, 
namely the air outside the bowl-shaped space, into 
the bowl-shaped space by the agency of a suction 60 
generated by the jets of the high-pressure gas. This 
airflow will be called SA hereafter for simplicity. 

In this lift generating apparatus, an auxiliary wing 



having a diameter smaller than that of the principal 
wing may be provided below the principal wing, the 
jet nozzles and the suction nozzles may be formed 
between the principal wing and the auxiliary wing, 
and the auxiliary wing may be formed in an upward 
convex curve so that the high-pressure gas jetted 
from the jet nozzles will flow along the upper surface 
of the auxiliary wing by the coanda effect. 

The high-pressure gas producing unit may be 
selected from various high-pressure gas producing 
devices. Most preferably, a turbofan may be em- 
ployed in the present invention. 

Compressed air compressed by the turbofan of a 
turbofan engine may be supplied through the 
suction nozzles. 

The lift generating apparatus may be provided with 
secondary suction nozzles to suck in a(r from 
outside the bowl-shaped space in addition to the 
suction nozzles. 

Moreover, the lift generating apparatus may be 
provided with afterburning combustion means in the 
bowl-shaped space. 

The jet nozzles may be arranged on the circum- 
ference of a circle. The jet nozzles may be provided 
respectively with shut valves to control the function 
of the jet nozzles so that the flow rates of the jets of 
the high-pressure gas in different radial directions 
are varied. 

The lift generating apparatus may be combined 
with a cabin to form an aircraft. 

In another aspect of the present invention, a lift 
generating method comprises jetting high-pressure 
gas into a bowl-shaped space opening downward, 
and sucking air into the bowl-shaped space from 
outside the bowl-shaped space by the suction of the 
high-speed flows of the high-pressure gas. 

The air sucked into the bowl-shaped space, 
namely, a secondary fluid SA, may be sucked 
strongly by the negative pressure (vacuum) induced 
by the coanda effect on the auxiliary wing. 

When a turbofan engine is disposed substantially 
on the center axis of the bowl-shaped space, a 
torque acting in a direction opposite the direction of 
rotation of the turbofan, the exhaust gas of the 
turbofan engine may be jetted from the central 
portion of the bowl-shaped space in a direction 
inclined to the radial direction of the bowl-shaped 
space toward the direction of rotation of the 
turbofan. 

According to the present invention, a mixed flow 
of the high-speed gasflows and an airflow produced 
by the suction of the high-speed gas flow in the 
bowl-shaped space increases the static pressure 
within the bowl-shaped space to generate a lift. 
Since the ambient air can be sucked at a high rate 
into the bowl-shaped space by the suction, namely, 
the special ejector function which is an ejector 
function combined with coanda effect, of the 
high-speed gasflows. a large lift can be generated. 
Furthermore, since the high-pressure gases jetted 
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from the jet nozzles and flowing along the upper 
surface of the auxiliary wing disposed below the 
principal wing and having an upward convex shape 
generates a negative pressure on the upper surface 
of the auxiliary wing, not only the ejector effect is 
further enhanced and a lift acts also on the auxiliary 
wing, whereby the lift generating ability of the lift 
generating apparatus is further enhanced, but also 
the noise generated by the high speed jet is said to 
be reduced by coanda effect. 

When the exhaust gas of the turbofan engine is 
used as EG, the mixed gasflow has a comparatively 
high temperature, which enhances the lift generating 
ability of the lift generating apparatus. 

The use of the compressed air produced by the 
turbofan of the turbofan engine as FG enables the 
use of a large amount of the ambient air. 

When the ambient air is jetted from the secondary 
jet nozzles provided in addition to the jet nozzles, 
the ejector effect is enhanced to further increase the 
amount of effective air. 

Burning the jetted gas for afterburning further 
augments the lift generating ability of the lift 
generating apparatus. 

The arrangement of the jet nozzles on the 
circumference of a circle promotes the mixing of the 
high-pressure gas jetted from the jet nozzles and 
the ambient air sucked by the suction. Moreover.the 
regulation of the respective gas jetting rates of the 
jet nozzles by valves so that the gas jetting rates In 
different radial directions are varied generates a 
thrust for horizontal travel. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and 
advantages of the present Invention will become 
more apparent from the following description taken 
in conjunction with the accompanying drawings, in 
which: 

Figure 1 is a longitudinal half section of an 
aircraft incorporating a lift generating apparatus 
according a first embodiment of the present 
Invention; 

Figure 2 is a schematic sectional view of an 
aircraft incorporating a lift generating apparatus 
according to a second embodiment of the 
present invention; 

Figure 3 is an enlarged fragmentary sectional 
view of a portion of the lift generating apparatus 
of Fig. 2; 

Figures 4 and 5 are graphs showing the lift 
characteristics of the lift generating apparatus 
of Fig. 2; and 

Figure 6 is a schematic sectional view of an 
aircraft incorporating a lift generating apparatus 
according to a third embodiment of the present 
invention. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



First Embodiment (Fig. 1): 

Referring to Fig. 1, a generally circular principal 
wing 1 having the shape of a bowl has a horizontal 
hollow body 2 which is of a disk shape with a central 
5 hole, and has an annular vertical wall 3 formed 
integrally with the body 2 extending downwardly 
from the periphery of the body 2. The principal wing 1 
defines a bowl-shaped space (hereinafter, referred 
to simply as "a space") 4 thereunder which is open 
10 downwards. A cabin 5 for accommodating a crew 
including a pilot is connected to the central portion 
of the lower surface of the body 2. A cylindrical 
engine frame 6 forming an engine room 7 is disposed 
In the central portion of the upper surface of the 
15 body 2. The principal wing 1, the cabin 5 and the 
engine frame 6 constitute the main structure of an 
aircraft A. Landing legs 8 are attached to the bottom 
of the cabin 5. 
A vertically mounted turbofan engine 9 having a 
20 turbofan 10, providing a high-pressure gas produc- 
ing device, is disposed with the turbofan 10 at the 
top and with the center axis thereof in alignment with 
the center axis 2 of the engine room 7 and the center 
axes of the principal wing 1 and the space 4. In use, 
25 the high-pressure high-temperature exhaust gas 
(EG) of the turbofan engine 9 is exhausted through 
an exhuast opening 9a and flows through a gas duct 
11 toward a hollow, substantially disk-shaped first 
diffuser 12 disposed coaxiaily under the principal 
30 wing 1. A plurality of ejectors 13 respectively having 
jet nozzles 13a are arranged on the first diffuser 12 at 
regular angular intervals. The exhaust gas Is dis- 
tributed to the jet nozzles 13a and is jetted 
horizontally through the jet nozzles 13a into the 
35 space under the principal wing 1 toward the 
periphery of the principal wing 1 . The axis of each jet 
nozzle 13a is inclined in the direction of rotation of 
the turbofan 10 at an angle to the radius of the first 
diffuser 12 corresponding to the radius of the 
40 space 4 so that the gasflow jetted through the jet 
nozzle 13a has a tangential component to cancel the 
reactive torque acting on the aircraft in a direction 
opposite the direction of the torque of the turbofan 
10 (which tend to turn the aircraft in a direction 
45 opposite the direction of rotation of the turbofan 1 0) . 
An air duct 14 for passing compressed air is 
extended around the gas duct 11 between the 
engine room 7 and the space 4. The upper end of the 
air duct 14 is connected to an air Intake opening 10a 
50 for the turbofan 10 in the engine room 7, while the 
lower end of the air duct 14 is connected to a second 
diffuser 15 surrounding the first diffuser 12. A 
plurality of suction nozzles 16 disposed coaxiaily 
respectively with the nozzles 13a of the ejector 13 
55 are connected to the second diffuser 15. The air 
taken into the engine room 7 and compressed by the 
turbofan 10 is distributed to the turbofan engine 9 
and to the air duct 14. The compressed air supplied 
to the air duct 14 is distributed to the suction nozzles 
60 16 by the second diffuser 15 and is discharged as fan 
exhaust gas (FG) through spaces around the 
nozzles 13a of the ejector 13 into the space 4. 
Indicated at 17 is an air Intake opening for taking air 
into the engine room 7, and at 18 is an intake duct for 
65 guiding air taken into the engine room 7 through the 
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air intake opening 17 to the turbofan 10. An air 
passage 19 is formed between the bottom wall of the 
engine frame 6 and the body 2 of the principal wing 1 
to introduce air through the central portion of the 
body 2 of the principal wing 1 to a region of the 
space above the suction nozzles 16. Air in the 
vicinity of the upper surface of the principal wing 1 is 
sucked through the air passage 19 by the suction of 
air currents jetted from the suction nozzles 16 and Is 
sucked through second nozzles 19a opening into 
the space 4. 

In operation, the exhaust gas of the turbofan 
engine 9 flows through the gas duct 1 1 and the first 
diffuser 12 and jets out horizontally through the 
nozzles 13a of the ejector 13 into the space 4 under 
the principal wing 1, while the compressed air 
compressed by the turbofan 10 flows through the air 
duct 14 and the second diffuser 15 and is discharged 
through the suction nozzles 16 into the space 4. The 
exhaust gas, i.e., EG , jetting at a high speed through 
the nozzles 13a provides an ejector effect by which 
the compressed air, i.e., FG f is sucked through the 
suction nozzles 16 into the space 4, so that an 
increased amount of the compressed air is delivered 
into the space 4. The flow of a mixture of EG and FG 
pulls external air through the air duct 19 and the 
second suction nozzles 19a into the space 4, so that 
the amount of air fed into the space 4 is further 
increased. 

Thus, a large amount of a mixed gas, namely, a 
mixture of the exhaust Gas EG, compressed air FA, 
and the external air, flows through the space 4 
toward the vertical wall 3 of the principal wing 1 . The 
flow speed of the mixed gas decreases rapidly as the 
mixed gas flows through the space 4 having a large 
capacity. The mixed gas is deflected to provide a 
downward flow from the space 4. The mixed gas 
introduced into the space 4 increases the static 
pressure within the space 4 to a pressure higher 
than the atmospheric pressure on the upper surface 
of the principal wing 1 , so that the principal wing 1 
produces lift. 

Thus, a large amount of lift is available because: 

(1) The static pressure within the space 4 
under the principal wing 1 is increased by the 
mixed gas introduced into the space 4 and this 
generate a comparatively large lift as compared 
with the lift generated by the apparatus dis- 
closed in Japanese Patent Laid-open (Kokai) 
No. 61 =268597(which generates a lift by 
generating a negative pressure on the upper 
side of the principal wing.) 

(2) The external air is taken into the space 4, 
in addition to the exhaust gas of the turbofan 
engine 9, by both the suction of jets of the 
exhaust gas, namely, the ejector effect of the 
jets of the exhaust gas, and the suction of jets 
of the mixed gas, namely, a mixture of the 
combustion gas and the air sucked by the 
ejecting effect of the jets of the exhaust gas 
which introduces a large amount of gas into the 
space 4 so order that a comparatively large lift is 
generated. 

Furthermore, the high-temperature mixed gas, 
namely, the mixture of the high-temperature exhaust 



gas of the turbofan engine 9 and the external air, 
increases the static pressure within the space 4 
efficient manner, and the flow of air sucked into the 
turbofan engine 9 along the upper surface of the 
5 principal wing 1 increases the absolute value of the 
negative pressure on the upper side of the principal 
wing 1 to increase the pressure difference between 
the upper side of the principal wing 1 and the lower 
side of the principal wing 1 , which further increases 

10 of the lift. 

Still further, the lift generating apparatus of the 
present invention generates far less noise than a 
rotor type lift generating apparatus because the lift 
generating apparatus of the present invention does 

15 not have a rotor and the exhaust noise is reduced 
because the high-speed exhaust gas, which is the 
principle source of noise, is surrounded by the 
low-speed flows of cool air taken into the apparatus 
ie fan air FG and air sucked in by nozzles 19. 

20 Furthermore, since the lift generating apparatus of 
the present invention has a high lift generating 
efficiency as mentioned above, the principal wing 1 
may be comparatively small, and an aircraft incorpor- 
ating the lift generating apparatus of the present 

25 invention is compact and lightweight in construction, 
since the lift generating apparatus of the present 
invention eliminates heavy components which are 
necessary for conventional helicopters, such as the 
reduction gear for transmitting power to the rotors, 

30 and tail rotor driving shaft. 

Second Embodiment (Figs. 2 to 5): 

In Figs. 2 and 3, parts like or corresponding to 
those previously described with reference to Fig. 1 
35 are denoted by the same reference numerals and 
only the parts and constitution different from those 
of the first embodiment will be described to avoid 
duplication. 

An auxiliary wing 20 having a diameter smaller 
40 than that of a principal wing 1 is disposed below the 
principal wing 1. The auxiliary wing 20 is formed 
integrally with the bottom cover 21 of a turbofan 
engine 9. A partition wall 22 serving also as the side 
cover of the turbofan engine 9 is disposed between 
45 the principal wing 1 and the auxiliary wing 20. Thus, 
the principal wing 1 and the partition wall 22 form an 
annular air intake passage 23 and an annular suction 
opening 23a, the auxiliary wing 20 and the partition 
wall 22 form an annular ejector 13, and the principal 
50 wing 1 and the auxiliary wing 20 form a fluid passage 
24 outside the suction opening 23a and the ejector 
13. 

A mixed gas, namely, a mixture of the exhaust gas 
of the turbofan engine 9 and compressed air 

55 compressed by the turbofan 10 of the turbofan 
engine 9, is jetted as a primary fluid FG + EG 
through ejector 13. Air is sucked in through the 
suction opening 23a by the special ejector effect of 
the mixed gas jetted through the ejector 13. 

60 The principal wing 1 is formed generally in the 
shape of a shallow pan and has a body 2 and a 
declining wall 3 forming a smooth, continuous 
curved surface. The upper surface 20a of the 
auxiliary wing 20 is formed in an upward convex 

65 curved surface and is disposed, as shown in Fig. 3 in 
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an enlarged view, so that the gap between the 
principal wing 1 and the auxiliary wing 20 decreases 
from the central portion toward the middle portion of 
the auxiliary wing 20, and then increases from the 
middle portion toward the peripheral portion of the 
auxiliary wing 20, namely, the upper surface 20a of 
the auxiliary wing 20 is curved so that the gap 
between the lower surface of the principal wing 1 
and the upper surface 20a of the auxiliary wing 20 
becomes a minimum In the middle portion of the 
auxiliary wing 20. The upper surface 20a of the 
auxiliary wing 20, i.e., the lower surface of the fluid 
passage 24, formed in such a curved surface 
provides a Coanda effect to cause the jet of the fluid 
passing through the ejector 13 to travel along the 
contour of the curved upper surface 20a of the 
auxiliary wing 20. The Coanda effect provides the 
following advantages. 

(1) The efficiency of the suction of . the 
external air is increased remarkably since the 
Coanda effect increases the absolute value of 
the negative pressure on the side of the upper 
surface 20a of the auxiliary wing 20. The noise of 
the high speed jet is also reduced by the 
Coanda effect. 

(2) The lift generated by the negative press- 
ure on the side of the upper surface 20a of the 
auxiliary wing 20 acts on the auxiliary wing 20. 

Thus the Coanda effect increases the total lift 
acting on an aircraft incorporating the lift generating 
apparatus of the second embodiment as compared 
with the total lift acting on the aircraft incorporating 
the lift generating apparatus of the first embodiment. 

It is desirable, in view of the further enhancement 
of the Coanda effect, to design the respective 
portions of the principal wing 1 , the partition wall 22 
and the auxiliary wing 20 corresponding to the 
suction opening 23a and the ejector 13 so that the 
direction of flow of the secondary fluid sucked 
through the suction opening 23a is substantially 
parallel to the direction of flow of the primary fluid 
jetted through the ejector 13. 

It was found that the condition of vortices in the 
fluid passage 24 varies causing variation in the lift 
acting on the aircraft A depending on the angle 9 
between a tangent to the principal wing 1 at a 
position corresponding to the entrance of the fluid 
passage 24 and a tangent to the auxiliary wing 20 at 
the same position (hereinafter, referred to as "awing 
angle"), and the size S of the gap between the 
principal wing 1 and the partition wall 22 at the 
position corresponding to the entrance of the fluid 
passage 24. Fig. 4 shows the relation between the 
wing angle 8 and the lift when S = 68 mm. fig. 5 
shows the relation between the wing angle 8 and the 
gap size S when the wing angle 8 = 15°. Accord- 
ingly, the lift and attitude of the aircraft A during flight 
can be controlled by properly determining the wing 
angle 8 and the gap size S or by regulating the wing 
angle 8 and the gap size S during flight. 

The lift may be regulated by regulating the general 
inclination of the auxiliary wing 20 or by constructing 
the auxiliary wing 20 of a plurality of annular 
subwings and individually regulating the inclination 
of each subwing. 



It is also possible to regulate the lift by moving the 
auxiliary wing 20 vertically to vary the distance 
between the principal wing 1 and the auxiliary wing 
20 or by moving the auxiliary wing 20 horizontally to 

5 bias the auxiliary wing 20 relative to the principal 
wing 1. Furthermore, it is possible to control the 
flying attitude of the aircraft A by regulating the lift 
through the remote control operation of a flap 
attached to the outer periphery of the auxiliary- wing 

10 20. It is possible to generate a horizontal thrust, i.e., 
the horizontal component of the lift, for the horizon- 
tal travel of the aircraft A by controlling the attitude, 
i.e., the tilt, of the aircraft A by regulating the auxiliary 
wing 20. 

15 The second embodiment is also different from the 
first embodiment in the following respects. In the 
second embodiment, a cabin 5 is a substantially 
U-shaped shell having a flight compartment 5a in the 
front section thereof. The bottom half of an engine 

20 room 7 extends through the central portion of the 
principal wing 1 and is placed in the central portion 
of the cabin 5. The aircraft A incorporating the lift 
generating apparatus in the second embodiment 
has a lesser height than that of the air craft A 

25 incorporating the lift generating apparatus of the first 
embodiment, and Is formed generally in a substan- 
tially stream-lined shape. Accordingly, lift generated 
by air flow acts on the aircraft A during horizontal 
travel, which reduces the Joad on the engine. 

30 In the second embodiment, a mixed gas, namely, a 
mixture of the exhaust gas of a turbofan engine 9 
and compressed air produced by the turbofan 10 of 
the turbofan engine 9, is jetted through the ejector 
13 as a primary fluid. However, it is also possible, 

35 similarly to the first embodiment, to use the exhaust 
gas of the turbofan engine^ as the primary fluid, to 
suck in the compressed air produced by the 
turbofan 10 of the turbofan engine 9 as the 
secondary fluid through the suction opening 16 and 

40 to suck in the external air through the air intake 
passage 23 by the ejector effect of the flow of the 
mixed gas of the primary and secondary fluids as 
shown in Fig. 6. Thus, the individual use of the 
primary and secondary fluids reduces the difference 

45 in flow speed between the air sucked in through the 
air intake passage 23 and the secondary fluid 
scarcely varying the ejector effect, so that losses 
can be reduced: 

50 Modifications: 

(1) As a means of producing a high-tempera- 
ture combustion gas which contributes to the 
increase of lift, the turbofan engine is an 

55 optimum high-pressure gas producing device. 

However, other devices functionally equal to the 
turbofan engine may be used. The high-press- 
ure gas need not necessarily be a high-tem- 
perature gas to achieve the object of the 

60 present invention, a device which produces a 

high-pressure gas of an ordinary temperture 
may be used as the high-pressure gas produc- 
ing device. When a high-pressure gas produc- 
ing device not using a turbofan is employed, the 

65 nozzles 13a of the ejector 13 may be arranged 
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radially since no torque is required to cancel the 
reactive torque of the turbofan. 

(2) Burning means, such as afterburners, 
may be provided with the nozzles 13a of the 
ejector 13 within the space 4 for afterburning 
the combustion gas to further augment the lift. 
The individual regulation of the degree of 
afterburning at the nozzles 13a of the ejector 13 
enables one to control attitude Providing the 
aircraft with emergency compressed air as a 
safety measure enables the aircraft to glide and 
carry out soft emergency landing by controlling 
the attitude by circumferentially Irregular after- 
burning If the engine maifunctions or stops. 

(3) The ejector 13 may be replaced with a 
circular structure comprising an upper disk, a 
lower disk disposed coaxlally with the upper 
disk, and partition plates arranged at angular 
intervals between the upper and lower disks in 
the peripheral portions of the upper and lower 
disks so as to extend radially or at an angle to 
the radial direction. 

(4) The principal wing 1 may be provided with 
jet nozzles to jet a portion of the high-pressure 
gas horizontally outward to propel the aircraft 
for horizontal flight by a thrust derived by 
reaction to the ejection of the high-pressure 
gas through the jet nozzle in a jet. It is possible 
to provide the aircraft, instead of or in combina- 
tion with the jet nozzles, with a thrust producing 
means including valves combined respectively 
with the nozzles 13a of the ejector 13 of the first 
embodiment. The valves are controlled individ- 
ually to vary the combustion gas ejecting rate 
with respect to circumferential position to 
produce a horizontal thrust. For example, the 
valves combined with the nozzles 13a in the 
front section are closed while the valves 
combined with the nozzles 13a in the rear 
section are opened for forward flight. 

The shape of the principal wing 1 need not 
necessarily by circular, but may be elliptic. 

As is apparent from the foregoing description, 
according to the present invention, a high-pressure 
gas and ambient air drawn by suction developed by 
the ejector effect of jets of the high-pressure gas are 
jetted in a bowl-shaped space formed under a 
principal wing to generate a lift by raising the static 
pressure within the space. Accordingly, the mixed 
gas is supplied at a high flow rate into the space, so 
that the static pressure under the principal wing is 
increases positively to generate a large lift. 

Provision of an upward convex auxiliary wing 
having a curved surface capable of causing the jet of 
high-pressure gas jetted from nozzles to flow along 
the contour of the curved surface under the principal 
wing enhances the ejector effect, so that the mixed 
gas is supplied into the space at an increased flow 
rate and a lift acts on the auxiliary wing. Conse- 
quently, a further increased lift is generated. 

The use of the combustion gas of a turbofan 
engine as the high-pressure gas increases the 
temperature of the mixed gas; consequently, further 
increased lift is generated. 

The use of compressed air compressed by the 



turbofan of the turbofan engine increases the supply 
of the external air into the space. 

The provision of secondary suction nozzles in 
addition to primary suction nozzles for taking in air to 
5 be mixed with the combustion gas further increases 
the supply of externa! air. 

The afterburning of the gas jetted into the space 
further increases the lift. 

The provision of valves in combination with 
10 nozzles for jetting the combustion gas enables the 
production of thrust for horizontal flight by individ- 
ually controlling the valves to regulate the respective 
flow rates of jets of the combustion gas jetted from 
the nozzles. 

15 Elimination of rotors which generates much noise 
at low frequencies and employment of a turbofan 
engine provides an aircraft which generates com- 
paratively low noise. 
Although the invention has been described in its 

20 preferred forms with a certain degree of particularity, 
obviously many changes and variations are possible 
therein. It is therefore to be understood that the 
invention may be practiced otherwise than specifi- 
cally described herein without departing from the 

25 scope and spirit thereof. 



Claims 

30 1 . A lift generating apparatus comprising : 

a circular principal wing with its peripheral 
portion bent downward, forming a bowl-shaped 
space opening downward thereunder; 
a high-pressure gas producing device provided 

35 on the principal wing ; 

jet nozzles provided within the central portion of 
the bowl-shaped space to jet a high-pressure 
gas produced by the high-pressure gas produc- 
ing device radially outward from the central 

40 portion of the bowl-shaped space ; and 

suction openings for sucking external air as a 
secondary fluid from outside the bowl-shaped 
space by suction generated by the jets of 
high-pressure gas jetted from the jet nozzles. 

45 2. A lift generating apparatus according to 

Claim 1 , wherein an auxiliary wing smaller than 
the principal wing is disposed below the 
principal wing, the jet nozzles and the suction 
holes are arranged between the principal wing 

50 and the auxiliary wing, and the auxiliary wing is 

formed in an upward convex curved shape 
capable of causing the jets of the high-pressure 
gas jetted from the jet nozzles to flow along the 
upper surface thereof. 

55 3. A lift generating apparatus according to 

Claim 1 or 2, wherein the high-pressure gas 
producing device is a turbofan engine. 

4. A lift generating apparatus according to 
Claim 3, wherein a compressed air exhaust of 

60 the turbofan engine is connected to the suction 

openings so that the compressed air com- 
pressed by the turbofan of the turbofan engine 
as the secondary fluid is guided to the suction 
openings. 

65 5. A lift generating apparatus according to 
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any one of Claims 1 to 4, wherein secondary 
suction openings are provided to suck external 
air from outside the bowl-shaped space 
through a passage other than a passage 
through which the external air flows to the 
suction openings. 

6. A lift generating apparatus according to 
any one of Claims 1 to 5, wherein burning 
means for afterburning are provided within the 
bowl-shaped space radially outside the jet 
nozzles, respectively. 

7. A lift generating apparatus according to 
any one of Claims 1 to 6, wherein the jet nozzles 
are arranged on the circumference of a circle. 

8. A lift generating apparatus according to 
Claim 7, wherein valves are provided respec- 
tively in combination with the jet nozzles. 

9. An aircraft comprising; 

a lift generating apparatus according to any one 
of Claims 1 to 8; and 

a cabin joined to the lift generating apparatus. 
10. A lift generating method comprising: 



10 



15 



20 



jetting a high-pressure gas at a high flow speed 
Into a bowl-shaped space opening downward; 
and 

sucking the external air as a secondary fluid 
from outside the bowl-shaped space into the 
bowl-shaped space by the suction generated 
by the jet of the high-pressure gas. 

11. A lift generating method according to 
Claim 10, wherein the external air as the 
secondary fluid into the bowl-shaped space is 
compressed air compressed by the turbofan of 
a turbofan engine disposed substantially coax- 
ially with the center axis of the bowl-shaped 
space. 

12. A lift generating method according to 
Claim 10 or 11, wherein the exhaust gas of the 
turbofan engine is jetted from the central 
portion of the bowl-shaped space into the 
bowl-shaped space in directions inclined in the 
direction of rotation of the turbofan at an angle 
to the radius of the bowl-shaped space. 
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